We report herewith the study of fingernail clippings obtained from the residents of Tokyo, Japan. A total of 18 participants with no health problems and occupational exposure to metals were recruited to provide fingernails samples for this study. Through the use of instrumental neutron activation analysis (INAA), 18 elements (Ag, Al, As, Ca, Cl, Co, Cu, Fe, Hg, K, Mg, Mn, Na, S, Sb, Se, V, and Zn) 
INTRODUCTION
Biological tissues such as nails have been utilized as biomonitor for evaluating the environmental pollution level through the studies of trace element composition. Thus, individuals exposed to environmental pollution could be diagnosed through the abnormality of trace element concentrations in nail samples. The reason for using fingernails as diagnostic material is that trace elements accumulated in the nails can reflect the long term exposure to environmental pollution (Menezes et al. 2004) . It is known that chemical composition of nail is stable after its formation and will not be affected by blood chemistry or chemical exposure (Daniel III et al. 2004) . Besides those, nails can be easily collected and stored at normal room temperature prior to analysis and small amounts of samples (about 10 mg) are sufficient for chemical analysis.
The chemical compositions of nails may be related to gender, nutrition, occupation, age, disease and season. Hayashi et al. (1993) showed that Cd and Pb in nails of males are higher than those of females. They argue that higher Cd and Pb in males are attributed to outdoor activities or higher dietary intake. Arsenic concentration anomalies (mean of 7.24 μg/g) in nails have been used as an indicator for arsenic poisoning in residents of West Bengal, India, which is caused by consumption of water polluted with arsenic (Samanta et al. 2004) . The high concentrations of Cl, Cr, K and Na in nails can be used as the indicators for person with cystic fibrosis disease (Aguiar & Saiki 2001) . On the other hand, patients infected with Schistosoma mansoni showed increased level of Al, Cl, I and Br in fingernails compared to healthy individuals (El-Khatib et al. 1995) . Thus, elemental concentrations in nails can be a useful indicator for disease diagnosis. Besides, individuals from different regions exhibit variable pattern of trace element concentrations as reported by Takagi et al. (1988) in an international comparison study of nail samples collected from Japan, India, U.S.A, Canada and Poland. Takagi et al. (1988) suggested that dietary intake and living habits of individuals from different regions may affect the trace element concentrations in nails.
There are many analytical techniques usable for the determinations of element concentrations in nails such as atomic absorption spectrometry (Hayashi et al. 1993 ) and inductively coupled plasma mass spectrometry (Samanta et al. 2004) . In this study, instrumental neutron activation analysis (INAA) was selected for the analysis of fingernail samples because of its simple sample preparation and multi-element analysis capability. By using different irradiation and counting schemes, many elements with variable half-lives could be determined reliably. Several studies utilizing INAA for multi-elemental analysis of nail samples have been reported (Aguiar & Saiki 2001; Chaudhary et al. 1995; Cheng et al. 1995; El-Khatib et al. 1995; Menezes et al. 2004; Morris et al. 2006) .
In this study, the individuals recruited were university students and staff who stay around the area of MinamiOsawa, Tokyo. Their dietary habits are typical Japanese food consisted of rice, fish, meat and vegetables. They eat at school restaurant during lunch and dinner and drink green tea after each meal. Among the individuals, five were habitual smokers whereas the remaining were non-smokers. To the best of our knowledge, there is no published data on the study of trace elements in fingernails from the residents of Tokyo. Furthermore, multi-elemental analyses of fingernail samples of Japanese are scarcely reported. Thus, this study aims to present the results of trace element concentrations in fingernails obtained from healthy individuals residing in suburban area of Tokyo. In addition, the results from this study were compared to data from literatures reporting elemental concentrations in nail samples.
MATERIALS AND METHODS

SAMPLE COLLECTION AND PREPARATION
The participants of this study are healthy and nonexposed individuals who stay in suburban Tokyo and its vicinity. A total of 18 individuals (11 males, 7 females) participated in this study with an average age of 27.7 years old. Fingernail samples (from 10 fingers) were collected from the participants using a clipper and kept in polyethylene bags. The samples were then transferred to clean beakers and washed with acetone for 20 min in ultrasonic bath. Then, the nail samples were washed twice with deionized water (MilliQ) for 20 min. Finally, the samples were washed again with acetone for 20 min and dried on a clean bench overnight. After drying, the samples were kept in acid-cleaned glass bottles.
SAMPLE IRRADIATIONS AND DATA ANALYSES
About 10 -40 mg of fingernail was double-sealed in acidcleaned polyethylene bags prior to irradiation. The NIST 1566b (Oyster Tissue) was used as a reference standard for the quantification of elemental concentrations, while the NIES No. 5 (Human Hair) and NIST 1577a (Bovine Liver) were analyzed as quality control materials. These control samples were properly dried (at 85 o C for 4 h) prior to irradiation. The moisture contents of NIES No. 5 (Human Hair) and NIST 1577a (Bovine Liver) were 7.4 and 3.8%, respectively. Several 10s mg of reference and control materials were used for irradiation. The neutronirradiation was performed at the research reactor of Japanese Atomic Energy Agency with a thermal neutron flux of about 10 13 n/cm 2 /s. All the samples, reference standard and quality control materials were firstly subjected to 2 min irradiations and measured for γ-rays emitted by short-lived radionuclides for 5 min. Then, the samples were secondly irradiated for 20 min and their γ-rays were measured 2 to 3 times with different decay intervals in order to detect radionuclides of variable half-lives. The radionuclides used for determination of elemental concentrations are listed in Table 1 . Relative method was used for the quantification of elemental concentrations in the fingernail samples and the quality control materials. All results were presented as dry weight basis.
The results obtained in this study were analyzed using t-test to evaluate the difference in terms of gender and smoking habit. When a probability value (P) is smaller than 0.05, the difference was considered to be significant. In addition, the compositional relationships among elements in fingernails are evaluated by using correlation matrix.
RESULTS AND DISCUSSION
ANALYTICAL QUALITY CONTROL The NIES No. 5 (Human Hair) and NIST 1577a (Bovine Liver) were analyzed as analytical quality control samples using INAA technique. These two reference materials were used because many trace elements are certified and suitable as analytical quality controls for fingernail analysis. Their results could be cross-referenced to ensure the reliability of the procedure. The results obtained were presented in Table 2 and compared with literature values. The Hg value for NIES No. 5 (Human Hair) was found to be significantly lower than a certified value. This could be due to vitalization of Hg during irradiation. This could suggest Table 3 . Among these elements, S is the most abundant with a mean value of 33600 μg/g. Mean concentrations of Ca, Cl, Mg and Zn range from 77 to 464 μg/g, while those of Ag As, Co, Hg, Mn, Sb, Se and V are below 1 μg/g. Mean concentrations of Al, Cu, Fe, K and Na are between 5 and 17 μg/g. In Table 3 , the minimum and maximum values are indicated. It is noted that all elements except S, Se and Zn showed large differences in their concentration values. The uniformity of S concentrations in fingernails clearly reflects the fact that S is a major constituent element in nails. The S data from this study are compared with several literature data in Table 4 ; our data are found to be similar to those of Rodushkin and Axelsson (2000) , while the values reported by Cheng et al. (1995) and Olabanji et al. (2005) are about 4 times lower than our data and S values of Jervis et al. (1977) (43 to 360 μg/g) are anomalously low. Recently, Dittmar et al. (2008) reported that S contents in nails of healthy Germans (n = 225) are about 2.4 to 4.3% with an average value of 3.3%.
Arsenic concentrations in fingernails determined in this study are low (mean of 0.099 μg/g), which implies no chronic environmental exposure for the participants. Apparently, the low As content in the drinking-water in Tokyo (As: < 0.001 to 0.008 mg/L; Suzuki et al. 2004 ) is reflected in their fingernails. In comparison, As concentration in drinking water in West Bengal, India, was reported to be in the range of 0.1 to 0.23 mg/L (Mandal et al. 1998 ) and seem to be reflected in fingernails of West Bengali whose mean As concentration is 7.24 μg/g (Samanta et al. 2004) , approximately 73 times the mean of this study (As: 0.099 μg/g). The ratio of As concentrations of drinking water between the two countries (about 100) is comparable to that of their fingernails. This clearly indicates that drinking-water can be a main source of As in fingernails.
Mercury is widely studied because of its toxicity to humans. Dietary intake is the main source of Hg in humans. Mercury abundances in fingernails obtained in this study (Table 3) were found to be about 8 times lower than those reported 20 years ago by Takagi et al. (1988) for Japanese residents (0.91 μg/g). As shown in Table 4 , Hg concentrations in fingernails vary among countries but are mostly below 1 μg/g. Apparently, the participants of this study were not exposed to high level of Hg through dietary intake compared with those reported by Takagi et al. (1988) . Rice is a staple food for Japanese, but it only contributes about 1% of total Hg intake because of low concentration of Hg (below 1 ng/g, Nakagawa &Yumita 1998). According to Nakagawa et al. (1997) , major Hg intakes of Japanese people are from fish and shellfish, which contribute about 97% of the total Hg intake from all foods. Takagi et al. (1988) have higher concentrations of Na, Al, K, V, Sb and Hg than the data of this study. This may be due to lower dietary intake of these elements for the individuals of this study. From Table 4 , it is found that the transition elements V, Mn, Fe, Co, Cu and Zn show an interesting distribution in nails, being different from those for the other elements plotted in Figure 1 . When their concentrations are compared among those of dietary intake, reference man (except for V; Iyengar 1998) and literature values, (Iyengar 1998; Parr et al. 2006; Shiraishi 2005) and reference man (Iyengar 1998) . Elements are arranged according to atomic numbers. The numbers in parentheses indicate sample numbers. The data for countries indicated with asterisks were from Takagi et al. (1988) . The values for elemental concentrations and dietary intakes are sharing the same y-axis 
(8) Pietra et al. (1985) , fingernails, n = 4, RNAA method.
(9) Iyengar et al. (1978) , compilation of nail values. these elements behave in the same order, implying the mutual relationship between dietary intake and elemental accumulation in nails. From the present observation, it seems likely that dietary intake exerts a greater influence to the presence of V, Mn, Fe, Co, Cu and Zn in human bodies than other factors such as environment, living habits, genders and geography. Similar elemental patterns of nails, dietary intake and reference man lead to an understanding that the absorption of these elements is counterbalanced by their excretions in human body. In addition, Iyengar (1998) pointed out that elements not physiologically controlled in blood are expected to show variations similar to constituents in the food. For the other elements in Figure 1 , different population groups showed variable concentrations in nails, meaning that these elements are more susceptible to changes due to body physiological control, environment, living habits and other factors. Thus, nail serve as a good biomonitor for chemical elements present in human body.
CORRELATIONS BETWEEN ELEMENT CONCENTRATIONS IN FINGERNAILS
Correlation coefficients showed potential relationships or interactions between two elements in nail samples and examples have been reported by Chaudhary et al. (1995) , Cheng et al. (1995) , Samanta et al. (2004) and Slotnick et al. (2005) . Correlation coefficients of this study are shown as correlation matrix in Table 5 . Through the use of t-test, significant correlations at the level P = 0.05 for the elements were identified in bold in Table 5 . The elements Na and K showed the highest correlation coefficients (r = 0.859, P < 0.001) among all the other pairs of the elements. There are also significant correlations between Na with Mg (r = 0.359) and between Na and Se (r = -0.388). The elements K, Na and Mg are abundant in biological tissues and may behave coherently. The element Al correlates significantly (P<0.001) with Co, Mn, Sb and V, which may reflect exposures to different sources because dietary intakes of these elements are very little (below 10 mg/d). Cheng et al. (1995) reported that Al correlate with Mn and V in toenails. It is said that excessive dietary intake of Zn can cause Cu deficiency (Fraga 2005) . Considering no negative correlation between Zn and Cu in this study, it is implied that both elements are in good balance in participating people. For elements As and Hg, a significant correlation was observed in this study. Because this study involves healthy and uncontaminated individuals, the correlation of As and Hg suggested that there is minimal exposure to As and Hg from dietary intakes. The element Ag is found to correlate positively with Fe and negatively with Zn and Se. The element Cl has no significant correlation with other elements determined in this study. Further study on the inter-element interactions is needed to explain the correlations of chemical elements observed in nails.
CONCLUSION
In this study, fingernails from 18 healthy individuals have been collected and analyzed. The use of INAA has been successfully performed for the elemental determination of nail samples and results are verified with quality control materials. The Hg level found in this study is lower than that reported 20 years ago, highly due to strict environmental control in Japan. The elemental concentrations of Co, Cu, Fe, Mn, V and Zn in fingernails were found to reflect the dietary intakes. These elements showed similar patterns to those for dietary intakes and reference man. This finding appeals the effectiveness of nails as a biomonitor.
A correlation matrix displayed a complex relationship among elements in nails. Significant correlations were found between Na and K and Na and Mg. The results of this study could represent the current background level for the people of Tokyo, Japan.
